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1.1 BEMER

1.1.1 R EZ& bFE8, FRHAKKE
NaOH B # K& R LK NaySO, THEF . R
Baifl; & b ERREN EAEAELL;
R RS, TR, FANSE EAEML;
PR R 48 — AL ok (6 ) & gt
1.1.2 ITZ BEMEGRIZHEIM:(1)E
[0mIERABERSE HEEFERAGE BARS
ERSABES AEMBR L MERLERE
MM P, 0.2 Umn BRAERSHP T, H
0. 3mlkZHBHECHS 1 mL(1 mg/mL) XL,
BRI CH,CL BB A AR
SEREFFAHER.3 ~5 min /5 LLY 60 F/min
EERA-— SR _HFEAHER  AEHHRK 1L
W O EREENIESY, 8RN R
IR E 9. & XA B 8 X7 (Normal-

sequence-dripping mode) . (2) 5 T (1) # [l &
T R _EH Rk S5ALMNBMINAZ®E,
3~-5Smin FHARZBRIECH  FER(DRE
THEB B H, B “ 3 A #57 (Opposite-sequence-
dripping mode) . () 5 LZ (MR KB T, HEL
HBRECHERAN . —EPERRTSBEAMM
AP A8 R B BE 1B R E R, BR o8 “ 2R 7 (Fully-
mixing mode) .

1.2 EBESPHNESHSRIE

1.2.1 B8 WEEZE _FELHR(MPES) MR
BECE “HEEK(MHES)® 1.1 &8, FRAME
BIEA B, AT RS = AERES, T
W& ERRTE W ERIEAM; R Na, 72 B 5K
¥, L%, %4 M Na B W5, & ARWE L
T PR HABEN A .

1.2.2 REYER RAYWHRA Wunz i R
BEMSR RHEFREFEMH: (DF - H A
BEEMZEEENEEEBRBSEMARDSH
FHNBAYHPMAERRIL ALK BE"
( Mixed-polymerization) . (2} #c 4§ — & — UL EE
XEBBABDSBENESYPMBER L,
ARA-EBROPERBAITERILE 20,
3 h, ¥4 “HE " (Pre-polymerization) .

BB LA B F ik 4 % 0.2 mol BEJR T ML
T, 2R Na AR SEER, UIE 5wi(%)
W EABRERMGLABEFES IR, AR
FYEREMTEEE.
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B RIE 2, CDCL, A, TMS AtR; 7 T &
RAOHIEFEE Water-486 & GPC X FH#IE , EA,
BRZ A8, THF s H; B4 6 A F
Hitachi U-3500 &3 S W 15 {00 %, 3 C 4
ALERZIL.

2 ZR5i4te

2.1 IENBEKEHRTEZNER

FIH # INM-FX90Q R EZ @ X IRigMicEn
Pran'H-NMR £ %80, S Z S ME =9 F &
RZHE-FHRN « AIgHAMRAEY, . 8=45;
5:1-CHEBENE TP REICE AR T
BhpHE.

MEIHF 2R, R “MEA%"TZE
AUASES RN R, XEE T RER &N
THE CEREEEEEES MELNE KT
EEMRNE PR HHERER"Y,
XE5XER8, 9 A MESRMHILE B, KA
BHEAXTAMABHAX & “2RBAHTR
R TRIZY, SE N YR E M REEMNL;
“EERRTASES P EAREENSLEHR
P LEPMERRR, AT 2R ESBRTRE
SPEE R ARORMEHAX K.

FRBEFL" TZE ALY AN, In1-C
WEEENE, T E R T (29 55°C) R, B fF
FRE-HERAERE S EH-R2NARE.EF
ETREHT PE_EHERFLR 10%P7.

Table 1 Effect of the processes on the productivity of hydrosilylation with
2 50% (vol) excess of dichloromethylsilane

Normal Opposite

. Fully

Reaction -sequence -sequence .

Products L, L -mixing
temperature -dripping -dripping mod
e
mode mode

MPES 827 87.9 82.0 82

MHS 70°C 84.8 69.5 80.1

Table 2 Effect of the dosages of dichloromethylsilane on the productivity
of hydrosilylation of 1-hexylene using the process of * normal-sequence-
dripping mode”

of dichlore-
Dosage 48 44 40 36 32
methylsilane{ mL)
Excess( %) 50 37.5 25 12.5 0.0
Productivity 9.2 9.1 9%.0 95.8 9.0

Reaction temperature ; 55°C

2.2 BEVNAHSRIE

FHAR L2, AT H6 W 7 ORER
BEY. ENoEREFZ A SRS =K
HEBR ZAFXEERLERLEY
( PMPES-
co-MS) 5 Polymethylphenethylsilene- co-phenylsilyne
(PMPES-co-PS) IR F BIEC B _FEHE S =%
RS = FFE AR E R B Y Polymethyl-
n-hexylsilene- co-methylsilyne  ( PMHS-co-MS ) 4
Polymethyl- n-hexylsilene- co-phenylsilyne { PMHS- co-
PS)  HA BT AR R U RS EEN
ARFE3~8.

Polymethylphenethylsilene- co-methylsilyne

Table 3 Characterization of poly( methylphenethylsilene- co-methylsilyne)s derived from mixed-polymerization without diglyme

Sp Monomer feed Appearance M, Yield UV Absorption Band Absorption
ratio: D/T{ mol) (257C) (M_IM,} (%) A e {um ) assignment edge(nm)
B1 0.200/0(10/0) Whitish sticky 58300 43.9 220 Ph-n-x* <380
solid (4.9) 301 Si-8i 50"
B2 0.182/0.018(10/1) Yellowish 17600 89.9 238.7 Branching 368
sticky solid (2.1} broad
B3 0.167/0.033(5/1) Yellow sticky 14500 62.5 230.1 Branching 354
solid (1.4} broad
B4 0.150/0.050(3/1) Yellow sticky 10100 55.4 228.3 Branching 369
solid (1.6) brosd
BS 0.133/0.067(2/1) Yellowish- 4600 45.7 222 Branching 3713
brown (4.6) broad
B& 0.100/0.100(1/1) Yellowish- No 29.8 228.3 Branching 428
brown solution data broad
B7 0/0.200(0/10) Yellow Na 90/ No Branching > 430
insoluble solid data 15k peak broad
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Table 4 Characterization of poly( methylphenethylsilene- co-methylsilyne }s derived from pre-polymerization without diglyme
Sp Monomer feed Appearance M. Yield UY Absorption Band Absorption
ratio: D/T{ mol ) (25%C) (M M) (%) A g (nm) assignment edge(nm)
Ba 0.182/0.018(10/1) Yellowish 11000 31.8 212.3 Phatt-n® 339
sticky solid (4.4} 298.9 Si-Si g-6 "
Bh 0.167/0.033{5/1) Yellowish 243400 28.4 212.5 Branching 440
sticky solid {10.8) broad
Be 0.150/0.050(3/1) Yellowish 283500 33.3 213.1 Branching 466
sticky solid (7.5) broad
Bd 0.133/0.067{2/1) Yellowish 146600 29.5 214.6 Branching 423
sticky solid (9.3) broad
Be 0. 100/0. 106(1/1) Whitish sticky 36000 34.0 215.1 Branching 400
solid (8.6) broad
Table 5 Characterization of poly{ methyiphenethylsilene- co-methylsilyne }s prepared with 15% diglyme by volume
Sp Monomer feed Synthesis Appearance M, Yield UV Absorption Band Absorption
ratio: D/ T{ mol } procedure (25C) (M M) (%) A o (nm) assignment edge{ nm)
B-1 0,182/0.018 White 2200 70.4 237.9 Branching 337
Mixed-polymn
(10/1) waxy solid (2.0} broad
B-2 0.167/0.033 Mixed- Yellowish 1500 67.4 229 Branching 339
(5/1) polymn sticky solid (1.7} broad
B-1 0. 10010100 Mixed- Yellow waxy BT00 56.5 218.5 Branching 382
(1} polymm solid (1.8) broad
B4 0.182/0.018 Pre- Yellowish 26100 71.1 217.3 Ph-m-n* 449
(10/1) polymn sticky solid (6.2) 298.7 Si-8i a-a"
Table 6 Characterization of poly( methylphenethylsilene- co-phenylsilyne)s prepared with 15% diglyme by volume
Sp Monomer feed Synthesis Appearance M, Yield UV Absorption Band Absorption
ratio: D/ T{ mol) procedure {25%C) (MM, (%) A e (nm) assignment edge(nm)
(W] 0.182/0.018 Mixed- White 5000 76.1 217.9 Ph-m-x* 343
(10/1) polymn waxy solid (2.8) 296.3 Si-Si 05"
Cc2 0.167/0.033 Mixed- Yellowish 3500 73.8 217.7 Branching 360
(5/1) polymn sticky solid (1.4) broad
Cc3 0. 150/0.050 Mixed- Yellowish 2100 68.3 217.5 Branching 368
(3/1) polymn sticky solid (2.3) broad
C4 0. 133/0.067 Mixed- Yellow 2000 64.6 219.1 Branching 38t
(2/1) polymn waxy solid (1.6 broad
c5 0. 10040, 100 Mixed- Yellow 1600 61.3 225.9 Branching 388
{1/1) polymn waxy solid (1.3) broad
Ccé 0/0.200 Yellow 900 3. < 266 Branching 410
(010} solid {1.73) 15h broad
c? 0.182/0.018 Pre- Yellowish 24400 69.1 218.3 Ph-n-x” 462

(10413 polymn waxy solid {4.5) 299.3 Si-5i g-a "
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22,1 R MEI~SHHM EXZREHT,
M “BE FEERMNUBFEHEREEY ™
(28.4% % 89.9% ) E R THR KA THHRY
7= (PMPES 34 43.9% ,PMHS 4 25.5% ), 55 51 2
B DI AR/ =8dR)BARELZN
B XE5MASREELRERFEANLGS M
ot EREE DT B, TR AR IR Y
ERAEFTR.EIME FESUBERLEY
mt L EFRBEEET , FREBE HER.

WF B E” L Z, IE Akira Watanabe
oS HER AR, B THEMBVLEEA (I

XZE ECES) SEARERN % Si-58
P AR B & 5% Polymethylsilyne B, Polyphenylsilyne %
THENKBRSRMHE, ERAYBELEALSR
B . Hik, 5 D/T {E8 A, f TH AR B B
ZH Si-E R M AR EE S Polymethylsilyne
Polyphenylsilyne % X585 /0 , Ef I ER G L2
AEBRABRS BT EER . RZ, W DTHA
8, BAL TR LR 4 Si-B 4R R R R
Polymethylsilyne 5% Polyphenylsilyne % X ## %, £
fIERESYE S4B NER By £s
BAK.

Table 7 Characterization of poly( methyl- n-hexylsilylene- co-methylsilyne ) s prepared without diglyme

Sp. Monomer feed Synthesis Appearance M, Yield UV Absorption Band Absorption
ratio: D/T{ mol } procedure (25%C) (MM} (%) A e (N} assignment edge{nm)
c® 0.182/0.018 Mixed- Yellowish No 71.9 3.5 Unclear 339
polymn sticky solution data 301.5 5i-Si g-0"
c® 0.167/0.033 Mixed- Yellowish No 50.9 7 Unclear 350
polymn sticky solution data 297.3 Si-Si 6-0"
c© 0. 100/0. 100 Mixed- Yellow 17000 42.1 212.3 Branching 392
polymn sticky solution (B.1) broad
(W13 0/0.200 Yellow solid No No No No No
data data peak data data
c® 0.182/0.018 Pre- Yellowish 63200 76.1 211.5 Unclear 428
polymn solid (19.2) 306.9 8i-Si 0-0"
Table 8 Chamactenization of poly( methyl- n-hexylsilylene-co-phenylsilyne}s prepared without diglyme
Sp. Monomer feed Synthesis Appearance M, Yield UV Absorption Band Absarption
ratio: D/T( mol) pracedure (25C) (M_/M.) (%) A e () assignment edge( nm)
cD 0.200/0 Whitish 70000 25.5 211.5 Unclear 142
sticky solid (27.4) 306.9 Si-Si o-a”
c@ 0.182/0.018 Mixed: Yellowish No 80.2 212.1 Ph-n-xc* 349
polymn sticky solution data 303.3 S5i-5i 0-0"
(96, 0.167/0.033 Mixed- Yellowish No 82.6 231.1 Ph-m-n* 429.9
polymn sticky solution data 291.9 Si-Si g-a"
c@® 0.100/0.100 Mixed- Yellow-brown 2700 78.5 222.3 Branching 401
polymn sticky solid {1.5) broad
c® 040,200 Yellow- 900 No No No Ne
brown solid (1.73) data data data data
c® 0.182/0.0i8 Pre- Yellowish 29900 64.7 211.3 Ph-n-x " 470
pelymn sticky solid (11.3) 306.1 5i-Si g-o"

MM T“ME LY. BT - RBELN
A, B0 JE 46 ¢ 39 B 4 PMPES =( # PMHS
B FHEZAAMMENEENEFEBiR"RK

Y T TR, — SR 4 TR R B AL T AR
BAOEBERREHOES TERRERDGEHR
HARARATHR)IMNTI R EHEMESEALY,
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At EERERRRERK.

mFBERAEMN, FHEAN _Z -5
BB R AEAR S XM HEHE
RS A o
2.2.2 GPC EA“REIZERNERILERF
EATREFTEREGEEDNT 10, EELHER%
HTFTHEENEY S TR, BME D/T &/
i/, XFBT AR LR - R ek
B — 2 (e 5% EBEMA) L _H—
PRALT =Y TRETREEHE.

HE AR " LEZHELERNILEY 2
FREBIBE TZESMEBERILED T TR
R HEHHREZG FTHERY S, BIEER
LB BEARR,CRRT I TRN
RET 10 MH, MHEREEREN S TR
DT Eb S AFE . ME D/TEME /A, T
R EYaFRAEMmME D,

HHEREEY S FTRAABAR. “RE"
EFOEHMABCERRD ERA-Z _H_P8
BAeNGESE TR U EIHALCERNER
K. EZR A TR ESHATHE.

AL A, Ba FELFIERRARA
F(M)RERMERK, HERT T ELENZ
[FPE B AR N, B F R TR R ER K,
XEEAZENSRMEASBR,ERES TR
R R SRR .

XFRELY ME DITEEN, RN E
BB IR (R R B e S B A, =5 [a] AL B AR K, A B
WMKUBREEEFE R RNSEELSFERE
S TR B TFENEREEYERER .
TRAFENIHE IR REN L, RE”
EYHaTHEESEE B, 2 TFREMRR
0 WA

WMREH =2 — M PR AL, 5 s

FESTFHESAS EHEAEXG THEERERY
SFRESBMN.
mxFRE LEZ. BT _RERPETEL
HEBERTEKMRES S A58, 5 DTHEEX
wtLEEE R ERANNA ,F RSB ES LT (R)
REEE TR A & R ik " R LB
ZLNEEYS—SIBLEERE>TERS
W tet, BEE DITEE /D BREYE FESHF
(PMRBRZESL, =90 FREKX B4 DT
BB AN, BB R T 560 2 (P9 AR B b 5 H
R&E, A RABK, G E FaE Bk KRR
EAUATHRLEEE . DI TR MM
EDUTEAEYK 4 FRERMEK. ERMATHEH
RS FEME®R" RN, MRB" LET RN
EKRP SHRAEEHRITFR>=Y, B
VM TEIGER, ETRERBBR HHEES
HHUHREEILERIER . ERTESEAD.
2.2.3 KK FRERNFERENMLERR
BATFSiSiEomTFEREANS R, E5%
a4 FRM BEY BARRM Y SEX.
HREEBEOESIREAESEETE
Y AHNERYRHERR KUERERATE
300 Bl 350 nm & B U4 70 A9 R Mo, X R Si—Si o-
o MBS R HERARMENAR, &= 680
T3 72 g . BOIR St 3R R e E 300 F 350 nm 4
A—ERENREE, AFEERNERT =%
BRI &, BR LB A SEZE 300 Bl 350 nm &b Si—
Sio-o" MUKW SEBMBERHEE B . HES
SEeEk —HBRAENBRWESBEENERS
CHEERMETMIEE, FHRAEREESH
Si—Si o-0 " W KRR £ — #2 TE 1 — I B8 B A T
FREA B 1 ~a RE5HHEIREEE, K
$£5 Watanabe %" & B 80 AR SE B Bk S IR A
L(ZERE3~8).

Table 9 'H-NMR chemical shifts for typical polysilanes{t)*

Sample Bl B-4 2 c7
Monomer feed ratio : D/T( mol ) 10:1 10:1 5:1 10:1
Synthesis procedure Mixed polymn Pre-polymn Mixed polymn Pre- polymn
$i—CH, 0.266(b) 0.307(vb} 0.333(vb} 0362{b) 0.333(h)
Si—CH;— 1.432(vh) 1.486(b) 1.483(+b} 1.494(b) 1.342(b)
Ph—CH,— 2.585(b} 2.675(b) 2.617(b) 2.610(h) 2.614(b)
Ph— 7.145(ms) 7.168(ms, vh) 7.066(ms,b} 7.066(ms,vh} 7.120¢ms,b)
Co-polymn ratio: D/T(mol) 2.8:1 8.7:1 5.25:1 4.23:1

*(b)broad,, { m} multiple , {s) sharp, (v) very, (w)weak
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Fig. 1
derived from the mixed-polymerization procedure without diglyme

Absorption spectra of cyclohexane solutions of PMPES-co-M5S

306 B 4 F % #
Table 10 'H-NMR chemical shifts for typical polysilanes(2}*
Sample cD c® c® @ ®
Monomer feed ratio: D/T{ mol} 0.200:0 1:1 10:1 5:1 10:1
Synthesis procedure Mixed polymn Pre-polymn Mixed polymn Pre-polymn
5i—CH, 0.243(m,b) 0.087{m,b) 0.243(m) 0.241(vbh} 0.240(m,b)
Si—CH,— 0.729(b) 0.728(vb) 0.830(b) 0.832(b)
(CH; }4—CH, 0.888(m) 0.886(s) 0.887(s) 0.870(b) 0.886(m,s)
CH,—(CH; ), 1.284{m) 1.280(s) 1.304{s) 1.281(m,s)
Ph- 7.292(vb}
Co-polymn ratio: D/T(mol ) 1.76:1 8.9:1 1.5:1
*(b) broad , (m)multiple, (=) sharp, (v) very, { w) weak
30 30
B2 B-i
— —— B3 — — - B-
----- B-3
2.5 R B4 251
—-—-— B
—--— B6
20 20
= =
.8 2
E LS 815
= =]
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Fig. 3  Absorplion spectra of cyclohexane solutions of PMPES-eo-MS
derived from the mixed-polymerization procedure with 15% diglyme
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—_ 02
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Fig. 2 Absorption spectra of cyclohexane solutions of PMPES-co-MS
derived from the pre-polymerization procedure without diglyme

Fig. 4

Absarption spectra of cyclohexane solutions of PMPES- co-MS
derived from the mived-polymerization procedure with 15% diglyme
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Fig. 5 ¥ %-NMR spectra of typical branched copolysilane C7

2.2.4 'H-NMR i& B 52 HAEE 57 S-NMR
i, ik 7 # 14.883 H1 10.509 43 BIH )R i &
~~$iOMe{ CH,CH,Ph) 1 —SiOMe(CHMePh) &5 #3

BERF, - 20.479F190¥ - 31,0835 H 10 /R —SiMe
(CH,CH,Ph ) #1—SiMe ( CHMePh ) # 5 & T,
— 341501 5% #& — 38.429 4} H 19 J& —SiOMePh 1
—SiPh—EREFET ;R 9 ME 10 RWAHEMN H-
NMR A8 R X EEFERERF SR A
RICEeER AR, DRBEME, RARRES
ITZ . FEFpEREL SR AT LS B, X5
Watanabe " THRE £ EHTRP, K&
LRARBE TZN, BRI BERENTIRIEE
H(DIM iR MR AR " T8, B8R
EEHEANETFREBEREEESES. FEF
2.2.1/12.2.2 HTie , X B LR 9 M BN R
AHN.
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SYNTHESIS AND CHARACTERIZATION OF BRANCHED
COPOLYSILANES OF HIGH MOLECULAR WEIGHT

PENG Zhijian' , $I Wenjie', FU Hejian’ , ZENG Hongmei’ , MIAO Hezhuo'

(' State Key Laboratory of New Ceramics and Fine Processing , Tsinghua University , Bejjing  100084)
(® Department of Chemistry , Sichun University , Chengdu  610064)

Abstract  According to the mechanism of hydrosilylation, the process of “normal-sequence-dripping mode” was
designed. And using such process, the monomers of dichloromethylphenethylsilane and dichloromethyl (n)
hexylsilane were synthesized with high productivity ( the maximal productivity of dichloromethylphenethylsilane ,
88% ,and dichloromethyl- n-hexylsilane,96.2% ) and low pollution (minute quantity of fumes in off-gas) . By Wurlz
reductive coupling reaction of dichlorosilane ( dichloromethylphenethylsilane and dichloromethyl ( n ) hexylsilane } and
trichlorusilane ( trichloromethylsilane and trichlorophenylsilane ), four series of two-dimensionally branched
copolysilanes were designed and synthesized using the two procedures of “ pre-polymerization” and * mixed-
polymerization” with or without diglyme . The polymers are polymethylphenethylsilene- co-methylsilynes, polymethyl-
phenethylsilene- co-phenylsitynes, polymethyl- n-hexylsilene- co-methylsilynes,, and polymethyl- n-hexylsilene- co-
phenylsilynes . Through the characterization of GPC, UV,'H-NMR and ®Si-NMR, the properties of such copolysilanes
were determined. The effects of such factors as monomer characteristics, co-polymerization ratio ( D/T), co-
polymerization mode( “pre-polymerization” and “ mixed-polymerization” ) , solvent additive(diglyme )and reaction time
on the polymer properties, such as productivity, molecular weight and UV absorption spectra, were studied and
discussed. It was discovered that the branched copolysilanes of very high molecular weight with highly bulky
substituents could be obtained with “pre-polymerization” . The maximum of the molecular weight of such branched
copolysilanes could reach 2.8 x 10°, which was at least ten times as those of the branched copolysilanes derived from
the mixed-polymerization procedure. The mechanism of increasing the molecular weights of branched copolysilanes
was proposed .

Key words Branched copolysilane, Normal-sequence-dripping mode, Pre-polymerization , Mixed-polymerization



